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Aka	  geomagne2c	  storm,	  space	  storm,	  magne2c	  storm	  
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Huge	  span	  of	  9	  orders	  of	  magnitude	  in	  energy	  and	  6	  orders	  of	  magnitude	  in	  density.	  
Air	  molecules	  in	  the	  atmosphere	  only	  have	  about	  0.03	  eV,	  Protons	  in	  the	  inner	  belt:	  a	  couple	  of	  
hundreds	  of	  million	  eV	  

This	  raises	  the	  most	  fundamental	  ques2on	  in	  space	  research	  -‐	  how	  come	  a	  few	  par8cles	  get	  so	  much?	  

Mass:	  ~105	  kg	  (100	  tons)	  PEANUTS	  …	  100	  cars	  …	  The	  thin	  Atmosphere:	  ~1018,	  i.e.	  one	  million	  millions	  
the	  mass	  of	  msph.	  

Half	  an	  eV	  equals	  to	  the	  energy	  of	  a	  par2cle	  on	  Sun’s	  surface	  (T=5,800	  K,	  1	  eV	  =	  11,600	  K).	  
0.67	  eV:	  The	  energy	  needed	  by	  a	  proton	  or	  neutron	  to	  escape	  the	  Earth's	  gravity.	  
40,000	  eV:	  Energy	  required	  by	  an	  electron	  to	  penetrate	  a	  thin-‐wall	  Geiger	  counter	  like	  that	  of	  Explorer	  
1.	  
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Magnetosphere:	  a	  protec2ve	  cocoon	  for	  the	  Earth.	  Let	  me	  
emphasize	  that	  however	  intense	  a	  solar	  flare	  may	  be,	  there	  is	  
pre^y	  much	  no	  effect	  in	  Geospace	  if	  the	  magnetospheric	  
magne2c	  field	  is	  not	  …	  by	  a	  …	  There	  is	  much	  too	  oaen	  a	  
misconcep2on	  about	  the	  way	  the	  Sun	  influences	  dynamic	  
processes	  in	  Geospace.	  
The	  release	  of	  energy	  from	  the	  sun	  is	  necessary,	  but	  not	  
enough.	  	  
Now	  the	  fun	  and	  interes2ng	  fact	  is	  that	  Geospace	  is	  also	  a	  
rather	  efficient	  cosmic	  accelerator.	  And	  because	  of	  this,	  it	  is	  the	  
cradle	  of	  disaster.	  	  
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Global	  Geomagne2c	  Field	  Depression	  which	  can	  be	  explained	  through	  the	  
diamagne2c	  effect	  of	  a	  giant	  (ring)	  current	  flowing	  around	  the	  Earth.	  
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Energy requirement: many hours of southward IMF, leading to extensive magnetic 
reconnection and increase of magnetic flux in the terrestrial magnetosphere.
Usually associated with CMEs.	  
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The fundamental process: Magnetic Reconnec8on	  on	  the	  Sun	  and	  in	  
Geospace.	  

8	  



particles from the solar corona	  
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(frequent mistake of public outreach articles)
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An	  example	  of	  a	  STRONG	  solar	  storm	  
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RC:	  of	  both	  solar	  and	  terrestrial	  origin.	  Total	  intensity	  of	  several	  Mega	  Amperes.	  
Bulk of energy within 50-100 keV. Maximum intensity at 3-5 RE (geocentric)
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and	  leading	  to	  a	  toroidal	  topology	  
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Electrons	  in	  the	  plasma	  sheet	  represent	  a	  source	  of	  high	  phase	  space	  density	  (PSD),	  
and	  when	  the	  third	  adiaba2c	  invariant	  is	  broken	  these	  par2cles	  can	  diffuse	  
inwards	  in	  radial	  distance,	  gaining	  energy	  in	  the	  process.	  
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For quite some time the RBs were considered to be a pretty stable 
structure. There were no dedicated RadBelt missions for more than 3 
decades. Even the nowadays considered as RB missions, CRRES and 
SAMPEX missions, had different main objectives. CRRES intended to 
study the Radiation Effects on new generation electronics – not the 
radiation itself! – while SAMPEX’s main objectives were the galactic 
cosmic rays (from supernova explosions in our Galaxy); anomalous 
cosmic rays (from the interstellar gas surrounding our solar system); and 
solar energetic particles. 
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SAMPEX observations 1991-2001. Fluxes	  vary	  by	  4	  to	  5	  orders	  of	  magnitude	  
(Xinlin	  Li	  et	  al.	  2001)	  on	  2me	  scales	  down	  to	  minutes	  
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However,	  there	  ARE	  storms,	  during	  which	  the	  flux	  increase	  of	  rela2vis2c	  electrons	  
and	  the	  earthward	  penetra2on	  is	  very	  impressive.	  	  
March	  –	  April	  2001	  storm	  
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involving waves and plasmas and their interactions
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We	  further	  have	  realized	  that	  the	  coldest	  plasmas	  control	  the	  ho^est	  par2cles	  –	  because	  the	  cold	  
plasmaspheric	  plasma	  influences	  the	  propaga2on	  of	  electromagne2c	  waves,	  which	  can	  accelerate	  
electrons	  to	  rela2vis2c	  energies.	  

22	  



The Dst effect: adiabatic effect due to the temporary reconfiguration of the near-
Earth B-field
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Hiss Generation mechanisms under debate
Both the PC5 waves that cause radial diffusion, and the SW high pressure are usually 
associated with magnetic storms
Chorus waves are associated with substorms, which are more 
numerous and stronger during storms.
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Inward radial diffusion, supported by storm-time enhanced convection and 
substorm injections provides a seed population of 10s to 100s keV e-, which are 
accelerated to relativistic energies by lower band chorus waves (ii)
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Inward radial diffusion is driven by Pc5 waves, which have periods matching the 
particle drift motion period, and therefore break the drift invariant, while 
maintaining the gyro and bounce invariants, can break the drift 
invariant 
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Pc5 waves have been closely tied to dynamical variations in the 
radiation belts. 
This observation forged / supported the paradigm of diffusion-controlled RB 
variability.	  
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Discrete	  enhancement	  and	  penetra8on	  of	  rela8v.	  el.,	  concurrently	  with	  Pc5	  
enhancement	  and	  penetra8on	  
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There	  are	  a	  couple	  of	  ways	  the	  RC	  can	  influence	  RB	  dynamics	  through	  its	  effects	  on	  
wave	  growth.	  
Low-frequency mirror and drift Instabilities and anisotropies of ring current ions 
significantly contribute to the growth of Pc5 waves.
O+ in particular …
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The activity level of chorus waves, which accelerate e- to relativistic energies, depends 
on substorm injections – i.e. on the same mechanism that contributes to the 
enhancement of the storm-time ring current.

33	  



The	  RC	  has	  the	  poten8al	  of	  contribu8ng	  to	  wave	  growth	  and	  thus	  to	  favor	  the	  
synergy	  between	  Pc5	  and	  chorus	  waves	  
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A	  nice	  example	  of	  wave	  synergy	  during	  the	  intense	  magne2c	  storm	  of	  March	  17,	  
2013,	  observed	  by	  Van	  Allen	  Probes.	  Data	  from	  MAGEIS.	  	  
Chorus	  wave	  amplitudes	  from	  the	  ra2o	  of	  precipita2ng	  and	  trapped	  electron	  fluxes	  
over	  the	  energy	  of	  30–100	  keV	  (measured	  by	  POES	  satellites)	  
Pc5	  from	  the	  fluxgate	  magnetometers	  of	  RBSP.	  
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1	  MeV	  electrons	  
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electrons	  interact	  with	  chorus	  waves	  via	  Doppler-‐shiaed	  cyclotron	  resonance,	  
resul2ng	  in	  energy	  diffusion.	  Provided	  many	  such	  interac2ons	  take	  place	  as	  electrons	  
dria	  around	  the	  Earth,	  individual	  electrons	  could	  be	  stochas2cally	  accelerated	  up	  to	  
rela2vis2c	  energies	  	  
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Frequent and intense substorms, characteristic of intense storms, 	  
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depending on PSD gradients 

Role of plasmasphere! (not touched in this presentation)
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However:	  RBs	  have	  much	  higher	  energies.	  	  
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An extreme example is the March 1991 storm, during which more 
than 70% of the RC energy density was provided by O+ ions.
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The O+  dominance (which is characteristic of intense storms) leads to … because 
O+ ions are lost faster than H+ (due to MP shadowing and charge-
exchange)
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The fundamental process: Magnetic Reconnec8on	  on	  the	  Sun	  and	  in	  
Geospace.	  
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